SCIENTIFIC INVESTIGATIONS WITH THE DATA BASE 
HEAO-1 SCANNING MODULATOR COLLIMATOR 
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1 Introduction 

NASA Grant NAG8-496. Scientific Investigations with the Data Base of the HEAO-1 Scan- 
ning Modulation Collimator, is a follow-on to our work under Contract NAS8-30453, the 
Scanning Modulation Collimator experiment provided for the first High Energy Astronomy 
Observatory (HEAO-1). This final report encompa.sses the scope of the total project, as our 
final report to NASS-30453 stated would be done. For brevity, most information is provided 
via reference to our previous re])orts and ]uoj)osal.s already submitted to MSEC. A summary 
of our hardware and data processing is leproduced here as Appendix A. 

The hardware specification for the Scanning Modulation Collimator (MC) experiment 
on HEAO-1 was to measure positions of l)right (> 10"“ ergs/cm^s), hard (1 to 15 keV) 
x-ray sources to .5-10 arcsec, and to measure their size and structure in three energy bands 
down to 10 arcsec re.solution. The scientific pur])ose of this specification was to enable the 
identification of these x-rays sources witli optical and radio objects in order to elucidate the 
x-ray emission mechanism and tlie nature ol the candidate astronomical system. 

SAO has served as Principal Imest igator lor tins experiment (under Dr. Herbert Gursky 
until June 1978, and Dr. Daniel Scliwailz thereafter). In this role we were responsible 
for the concepts and requirements; siqx'rvision ol t he design, manufacture, and test by our 
hardware contractor American Science and Engineering ( ASfcE); and for mission operations, 
data reduction, scientific analysis, and ])ublicat ion of scientific results. In all these tasks we 
functioned as a single team with our ( n-Principal Investigator Dr. Hale Bradt, and assisted 
by his entire staff at MIT. 

The experiment was an outstanding success. Hardware systems functioned perfectly, 
although loss of one (out of eight) pro])orl ional counter degraded our sensitivity by about 
10%. Our aspect solution of 7 arcsec precision, allowed us to achieve statistics-limited 
location precision for all but the strongest .sources. We vigorousl}'^ pursued a strategy of 

determining the scientific importance of eacli identification, and of publishing each scientific 
result as it came along. 


2 Progress of the NAG8-496 Efforts 

Efforts for the interval 1 October 1984 through 31 March 1987 are summarized in our progress 
reports Nov. 1 through 5. submitted under single cover in March 1987. Progress from 1 April 
19b7 through end of grant on 30 .Sejitembcr 1990 is summarized chronologically as follows; 

November 1987 

Another 7-night observing run at Kitt Peak on the 36" Schmidt yielded 27 new prism plates 
of A-3/NRL unidentified x-ray source areas. An observing run at McGraw-Hill obtained 
observations on two nights, giving identifications with 2 RS CVn stars, a cataclysmic variable, 

a candidate BL Lac object and an unclassified H-alpha emitter associated with an Einstein 
source under an IPC rib. 

Work is underway on a poster session on clusters of galaxies, for the AAS meeting in 
January. Photo work has also been starte.j for an AAT observing run in February. Archiving 




of A-3 finding chart maps continues. 

A data disk crash has left some data tem]3orarily inaccessible. A new disk will be built, 
and the heads cleaned and aligned on the adected drive. The DG duabaccess tape drive still 
awaits repair. 

December 1987, Jamutry and Fehruary 1988 

The Trident T-200 data disk which expcnienc('d a head crash last month, was rebuilt and 
duplicated data files were loaded from back-up tapes, Versatec print-head problems occurred 
several times, but were overcome by resetting and adjusting the angle of the print-head. 

Photographic fields were reproduced for 22 southern hemisphere A-l/A-3 x-ray sources, 
to be worked up as finding charts for a helnuary A AT observing run. 

A-3 results were analyzed and mapp(‘rl for Abell clusters for a poster session at the A AS 
meeting in January, \\ork continues on the arrhix ing of A-3 unidentified results. 

April and May 1988 

All Trident and Century disks were cleaned and inspected. One Trident data disk failed 
inspection and has subsequently been n'placed and rel)uilt. 

A total of thirteen new finding charts were produced from recently analyzed A-3 data 
for observing runs. Thirty-four new Schmidt 2-degree prism plates were obtained during a 
nine-night run at CTIO, and were scanned during the 2 cloudy nights. Several interesting 
emission-line objects were found to be w('ll associated with the A-1 LOP. 


June 1988 

A draft paper on the new BL Lac identification H1720+117, was prepared (by Brissenden) 
and reviewed internally. R. Remillard is neaiing completion of the nine “mini-catalogs’’ 
which summarize the entire identification content of the HEAO-1 NRL source catalog. 


September 1988 

The nine mini-catalogs have been prepared, summarizing the status of all HEAO-1 identi- 
fications in categories as follows: AGN. BL Lac Objects, Cataclysmic Variables, Binaries, 
Be Stars, Clusters of Galaxies, RS CVn-like stars, Suj^ernova Remnants, and Miscellaneous. 
NASA headciuarters has deemed that the PI program will continue for two final years, FY89 
and 90. In response to their direction for preserving the HEAO-1 data we have made a plan 
to publish the NRL catalog as a single table, in right ascension order, giving the identifi- 
cation status of every object. (The catalog will contain the 842 entries of the NRL survey, 
plus about 40 sources which appear later in the HEAO mission.) This will be follovcd by 
the 9 tables of mini-catalogs, each of whicli give supplenientaiy information relevant io the 
particular class of object (e.g., redshifts lor ext ragalactic objects). 



October 1988 


As a follow up to earlier VLA work, fifty-eight interesting radio sources relating to 12 LASS 
x-ray sources were measured and pholograplied to search for optical counterparts. Spec- 
troscopy will be performed on all hopefuls. Fourteen new finding charts are being constructed 
for unidentified A-3/LASS sources visibh' in the southern sky during a December observing 

run. 

A major head crash during Septeml)er resulted in the loss of five T-200 Trident disks. 
Upon inspection one 40mb disk also had hard errors, and an additional one was found to 
have Too many top platters^ and remo\ ed from ser\ ice. Nineteen heads had to be replaced, 
and heads were cleaned and aligned on all four drives. Two I/O boards were found to have 
blown and wei'e replaced. The drives were brouglit up on the system, and four of the lost 
disks were rebuilt. Intermittent problems witli the low density DG tape drive still persist 
causing vacuum loss when loading tapes. 

December 1988 

Seven unmasked IPC sources with A-3 results were worked up for further optical studies. 
Fourteen new A-3/NRL finding charts wer(' made for a December observing run at CTIO. 
Nine figures were prepared for an RS (A n |)aper, and a contour map figure was prepared 
for an unmasked IPC source. 

The CTIO observing run appears to have been highly successful with possibly ten to 
fifteen new identifications of southern x-ray sources. 

Tape drive problems still persist. T1 h‘ |)ower supply now appears to be unreliable. One 
200mb data disk was rebuilt, and most of the data files were replaced. 


Fehruary 1989 

Ten newly discovered IPC unmasked source |)ossibilities were mapped with A-3 error boxes, 
finding charts were made, and eight were found to be interesting enough to warrant further 
investigation as IPC/.A-3/A-1 x-ray sources. During three recent observing runs 28 new 
identifications of x-ray sources have been made, including many QSO, several BL Lac, RS 
CVn’s and CV’s. Precise positions of many of the new objects are being mea^sured. Of 
particular interest are a quasar with ni = 13.7. z=0.09 identified with H1033-142, and an 
optically shrouded luminous object in the LMC which we previously noted as peculiar and 
now identify with the x-ray source 110403-75. 

Three scientific papers are in progress which will present a total of 39 new quasar and 
Seyfert ID’s. Photographic work for these* papers is also underway. 

The two Century disk drives were adjusted and heads realigned after both malfunctioned 
simultaneously. Both are l)ack on line now. We await the installation of a ^‘new” (hand-me- 
down) dual-density DG tevpe drive to rei>lace one with a burnt-out power supply. 

August 1989 

A Cerro Tololo nine-niglit observing nm yielded 36 objective prism plates and 8 uv-blue 
direct plates of A-3 x-ray source fields. Tlu'se plates were scanned, and interesting objects 



marked for further observations at the Anglo-Auslralian Telescope in September. 

Rebinning of the original A-3 data at new interesting locations continues, and is about 
5/8 complete. Mapping of the A‘3 x-ray diamonds is now done on the MIT SUN system, 
and figures are thereby camera-read\’ from the laser printer. 

Three papers of A-3 identifications an' underway. These include 35 emission-line AGN'S, 
6 cataclysmic variables and 2 BL Lac s. 

October 1989 

Work progresses on the final LASS/A-3 sui\*ey Ingres database, with approximately ^5% of 
the identified source information complete. Appropriate query and report forms are being 
built for each spectral class to facilitate access hy the community. 

Approximately thirty new x-ray sources have been identified during two recent observing 
runs. Three new publications of previous id(‘ut i heat ions are in progress. 

April 1990 

Work continues on the final HE.AO-l/MU L.ASS catalog of identified x-ray sources, both the 
hardcopy version for publication, and tlu' Ingres data-base version. At present the catalog 
contains 660 identifications. 

A recent A-3 observing run yiehled 20 new idf’utifications whose exact positions will be 
measured. Approximately 300 sources willi A-3 n'sults remain unidentified. Of these, the 
brighter LASS detections are undergoing .A-3 L.ASS analysis to confirm the LASS positions. 

Fortran 5 .dx file analysis source programs ha^■e been ported to the SUN system, and 
are undergoing conversion to SUN Fortran 77. The .dx files and resulting answer. ct files are 
presently being written to WORM disks. .A (’ program has been written to read the an- 
swer. ct’s as well as many interesting and pr('vious x-ray catalogs, and to output a SMONGO- 
readable file. 

The DG computer was found to ha\e l)lown a fuse due to a power glitch. The fuse has 
been replaced and no other problems were lound. .A high \oltage power supply was replaced 
in the Versatec printer. Other DG system hardware continues to function satisfactorily. 


August 1990 

All .dx file analysis source programs ha\<‘ l)een successlully converted to f77 and ported to 
the SUN/UNIX system. The programs will undergo final testing during the next month 
to ensure compatibility. The INGRES d<Ua base of final A-3 results in on-line and will be 
updated one last time. .All DG equipmc'iit is iunclioual. 

October 1990 

The A-3 data reduction and analysis has Ix'eii completed after 13 highly successful years. We 
have shutdown all Data General and associated equipment, which are now awaiting return 
shipment to NASA. A-3 raw tapes are expc'cted to be stored until they can conveniently be 
transferred to DAT tapes: binned data tape's are currently l)eing WORMed at Penn State; 
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All A-3 software has been archived on 9-track tapes; all other obsolete 9-track tapes are 
ready for shipment to Goddard's Tape Retrieval Center. 

The A-l/NRL catalog of final results is available in hard-copy format, and as an INGRES 
database on the SUNS. Two more A-3 pa]>ers which document identification of 37 new 
AGN’s are about to be submitted of publication. A-3 data analysis of sources from the three 
binning catalogs is now fully supported 1>\' the SUN/UNIX s3^stem. Softwai'e necessary for 
the rebinning of raw data has been converted to AOS format, assuring that the tapes will 
be readable via “AOSLOAD’’ directly to the SUNS. 

Subsequently, all equipment and magnetic tapes have been officially returned to NASA. 


3 Summary of Scientific Results 

Table 3.1 summarizes the A-3 locations of hard x-ray sources identified with optical objects. 
The table omits about 200 A-3 locations of x-rav sources which do not yet have firm iden- 
tifications. Objects are in nine catagories as follows: AC=Active Coronal star, usually an 
RS CVn type object; AGN=active galactic nuclei, emission line objects; BL=BL Lac type 
object; CG=cluster of galaxies; CV=calaclvsmic variable; Misc.=miscellaneous, including 
nearby galaxies, and galactic objects: SNR=supernova remnant; XRB=classical x-ray bina- 
ries, neutron star or black hole accreting from an OB supergiant or low mass companion; 
and XRB-Be=x-ray binary accreting from a Be star companion. 



TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

TYPE 

NRL NAME 

ID 

lYPE 

1H0003+200 

Mkn_335 

AGN 

1H0136-681 

BL_Hyi 

CV 

1H0007+731 

CTAl 

SNR 

1H0137-403 

AGN-Steiner 

AGN 

1H2358+484 

IW_Cas 

AC 

1H0140+393 

B2 0139+39B 

AGN 

1H0014+111 

IIIZw2 

AGN 

1H0132+607 

X0142+614 

XRB 

1H0008-745 

SA0255646 

AC 

1H0135-346 

ES0353-G38 

AGN 

1H2357-126 

m Cet 

CV 

1H0143-239 

SA0167287 

AC 

1H0016-257 

EXO QSO 

AGN 

1H0150-537 

H0147-537 

AGN 

1H0018+280 

A21 

CG 

1H0151+359 

A262 

CG 

1H0017+073 

A28 

CG 

1H0157+142 

TT Ari 

CV 

1H0022+638 

Tycho SNR 

SNR 

1H0201-029 

H0204-023 

CV 

1H0024-296 

IR0027-2859 

AGN 

1H0203+513 

1E0206+521 

AGN 

1H0042-093 

A85 

CG 

1H0215-007 

Mrk 590 

AGN 

1H0039+408 

M31 

Misc . 

1H0217-639 

H0213-647 

AGN 

1H0043+294 

Sy0048+29 

AGN 

1H0219+625 

HB3 

SNR 

1H0054-729 

SMCX-3 

XRB-Be 

1H0212-172 

PKS0219-164 

BL 

1H0048+250 

PG0052+251 

AGN 

1H0219-710 

HD14643 

AC 

1H0052-015 

A119 

CG 

1H0226-296 

S0258 

CG 

1H0053+604 

g Cas 

XRB-Be 

1H0218+304 

Mrk 1040 

AGN 

1H0057-670 

S0112 

CG 

1H0230-356.B 

Q0226-360 

AGN 

lHOlOl-439 

star 

AC 

1H0226-448* 

SA0215947 

AC 

1H0106+324 

Mkn 352 

AGN 

1H0227-094 

NGC985 

AGN 

lHOlOl-241 

A140 

CG 

1H0230-356.A 

SA0193793 

AC 

lHOlOl-221 

A133 

CG 

1H0235-525 

AGN-Ward 

AGN 

1H0102-469 

S0107-462 

CG 

1H0239-585* 

Q0239-591 

AGN 

1H0102+017 

A147 

CG 

3H0237-23 

PKS0237-23 

AGN 

1H0103-762 

H0107-750 

XRB-Be 

1H0239-215 

PKS0240-217 

CG 

1H0113-148 

Mkn 1152 

AGN 

1H0240+621 

2S0241+622 

AGN 

1H0115+635 

2S0115+63 

XRB-Be 

1H0241+364 

A376 

CG 

3H0114+650 

LSI+65_010 

XRB-Be 

1H0244+001 

NGC1068 

AGN 

X0115-737 

SMCX-1 

XRB 

1H0247-370 

SA0193879 

AC 

1H0112+141 

A175 

CG 

1H0251+414 

AWM7 (N1129) 

CG 

1H0122-281 .A 

Ton S210 

AGN 

1H0256-617 

SA0248669 

AC 

1H0122-281 .B 

H0117-286 

AGN 

1H0253+058 

A400 

CG 

1H0121-353 

NGC526A 

AGN 

1H0253+138 

A401 

CG 

1H0122-590 

Fair_9 

AGN 

1H0301-106 

AGN-Steiner 

AGN 

1H0123+075 

SAO109841 

AC 

1H0258-126 

H0300-124 

AGN 

1H0128-139 

A209 

CG 

1H0258-015 

NGC1194 

AGN 

1H0129+303 

M3 3 

Misc . 

1H0300-482 

Maza-AGN 

AGN 

1H0130+473 

OC+457 

AGN 

1H0307-722 

H0307-730 

AGN 

1H0144+747 

SAO004456 

AC 

1H0324-636* 

EX00305-655 

AC 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

TYPE 

NRL NAME 

ID 

TYPE 

1H0310+576 

Wool . 9113AB 

AC 

1H0430-133 

A496 

CG 

1H0311-227 

EF Eri 

CV 

1H0435-531 

Fair 303 

AGN 

1H0311-348 

QSO-MONCK 

AGN 

1H0433-088 

Sy2 

AGN 

IH0315-445 

S0316-444 

CG 

1H0435-274 

H0439-272 

AGN 

1H0316+413.AB 

N1275 

CG+AGN 

1H0437+206 

SA0076708 

AC 

1H0323+342 

H0321+340 

AGN 

1H0441-207 

A514 

CG 

1H0334+291 

SAO075927 

AC 

1H0445-060 

NGC1667 

AGN 

2H0323+022 

H0323+022 

BL 

1H0446+450 

3C129 

CG 

1H0324-530 

S0328-527 

CG 

1H0448-041 

H0449-039 

AGN 

1H0340+392* 

4C39.12 

CG 

1H0451-747 

S154 

Misc . 

1H0327+000 

SA0111291 

AC 

1H0451-560 

H0449-55 

AC 

1H0331+257 

SAO076031 

AC 

1H0455+276 

MWC_74 0 

XRB-Be 

1H0332+317 

NRAO140 

AGN 

1H0456+304 

star 

AC 

1H0334+098 

A0335+098 

CG 

3H0454+84 

S4_0454+84 

BL 

1H0342-392 

S0334-399 

CG 

1H0455-441 

star 

AC 

1H0335-357 

NGC1399 

CG 

1H0459+248 

H0459+248 

CV 

1H0336-434 

SA0216434 

AC 

1H0502-755 

HD32918 

AC 

1H0337-152 

H0336-152 

AGN 

1H0505-386 

N1759 

CG 

1H0341-537 

S0341-538 

CG 

1H0510+031* 

AGN-GHIGO 

AGN 

1H0351+194 

star 

AC 

1H0501+592 

SA0025003 

AC 

1H0347-413 

Maza-AGN 

AGN 

1H0506-039 

EX00506-042 

BL 

1H0355-116 

Q0350-121 

AGN 

1H0509+166 

H0507+164 

AGN 

1H0339-822 

H0355-826 

AGN 

1H0512-401 

NGC1851 

XRB 

1H0350-735 

S0353-741 

CG 

1H0515-488 

Cl. 0513-491 

CG 

1H0352+308 

X Per 

XRB-Be 

1H0516+063 

A539 

CG 

1H0358-669 

SA0248921 

AC 

1H0525+340 

HD242257 

XRB-Be 

1H0402+573 

H0402+574 

XRB-Be 

1H0507-459 

Pic_A 

AGN 

1H0409-078* 

SAO130994 

AC 

1H0515-363 

PKS0521-365 

BL 

1H0413-116 

PKS0405-123 

AGN 

1H0521-720 

LMCX-2 

XRB 

1H0409+102 

A478 

CG 

1H0523-118 

IR0521-122 

AGN 

1H0413+009 

1E0414+009 

BL 

3H0525+340 

S_Aur 

AC 

1H0414+380 

3C111 

AGN 

1H0520+121 

GW_Ori 

AC 

1H0414-551 

NGC1566 

AGN 

1H0527-328 

TV_Col 

CV 

1H0419+280.A 

SAO076567 

AC 

1H0531+219 

Crab_Nebula 

SNR 

1H0419+280 .B 

Nkd.TTauri 

AC 

1H0534-667 

LMCX-4 

XRB 

1H0422-086 

C10423-086 

CG 

1H0536+263 

V725 Tau 

XRB-Be 

1H0419-577 

H0425-573 

AGN 

1H0538-577 

H0534-581 

CV 

1H0426+051 

3C120 

AGN 

1H0538+401 

star 

AC 

1H0427+177* 

SA0094002 

Misc • 

3H0535-668 

H0535-668 

XRB-Be 

1H0429-616 

S0430-615 

CG 

1H0533+607 

H0538+608 

CV 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

TYPE 

NRL NAME 

ID 

TYPE 

1H0538-641 

LMCX-3 

XRB 

1H0726-259 

4U0728-25 

XRB-Be 

1H0543-205* 

SAO170678 

AC 

1H0729+316 

YY Gem 

AC 

1H0539-226 

SAO170757 

AC 

1H0741+651 

NGC2403 

Misc . 

1H0540-697 

LMCX-1 

XRB 

1H0809+796 

H0731+801 

AGN 

1H0542-407 

H0542-407 

CV 

3A0729+103 

BG CMi 

CV 

3H0544-665 

LMC . trans 

XRB 

1H0735-372 

SA0198273 

XRB-Be 

1H0543-289 

SAO170952 

AC 

1H0742-566 

SA0235385 

AC 

1H0546-439 

SA0217600 

AC 

1H0744+499 

Mkn_7 9 

AGN 

1H0547-575 

SA0234181 

AC 

1H0741+289 

s_Gem 

AC 

1H0548-322 

PKS0548-322 

BL 

1H0743+037 

YZ_CMi 

AC 

1H0551-074 

NGC2 110 

AGN 

1H0743+184 

81 Gem 

AC 

1H0551+463 

MCG-8-11-11 

AGN 

1H0749-554 

SA0235476 

AC 

1H0547-601 

SA0249388 

AC 

1H0739-529 

HD63666 

XRB-Be 

1H0553-480 

CL0555-480 

CG 

1H0745-191 

PKS0745-19 

CG 

1H0556+286 

HD249179 

XRB-Be 

1H0749-600 

SAO250018 

Be 

1H0555-384 

3A0557-383 

AGN 

1H0801+213 

U Gem 

CV 

1H0557-503 

H0558-504 

AGN 

3H0754+39 

1E0754+394 

AGN 

1H0555+680 

star 

AC 

1H0753+456 

H0759+452 

AGN 

1H0606-351 

S0604-353 

CG 

1H0759-490 

star 

AC 

1H0613+479 

SS Aur 

CV 

1H0758+762 

PG0804+76 

AGN 

4U0601-49 

LB1800 

CV 

1H0806-545 

SAO235808 

XltB-Be 

1H0610+091 

V1055 Ori 

XRB 

1H0811+625 

SU UMa 

CV 

1H0612+226 

IC443 

SNR 

1H0814-073 

A644 

CG 

1H0551-819 

H0616-818 

CV 

1H0816+017 

A653 

CG 

1H0620-646 

H0622-645 

AGN 

1H0824-641 

SAO250196 

AC 

1H0623-539 

S0626-543 

CG 

1H0820-426 

Pup A 

SNR 

1H0636-403 

SAO218055 

XRB-Be 

1H0823+301 

HD72146 

AC 

1H0633-752 

PKS0637-75 

AGN 

1H0823+561.A 

SAO026828 

AC 

1H0635-431 

H0640-432 

AGN 

1H0822+042 

BL0829+046 

BL 

1H0646+250 

e_Gem 

AC 

1H0823+561 .B 

4C55.16 

AGN 

1H0641+741 

Mrk_6 

AGN 

1H0827+089 .B 

H0829+089 

BLcand 

1H0658+595.A 

EX00706+592 

BL 

1H0828-706 

H0829-701 

AGN 

1H0659-494 

H0707-495 

AGN 

1H0827+089 .A 

SA0116952 

AC 

1H0659+453 

Mkn_37 6 

AGN 

1H0832+488 

PG0834+488 

CV 

1H0709-360 

H0710-360 

CV 

1H0833+654 

pil_UMa 

AC 

1H0658+595.B 

H0715+594 

AGN 

1H0849+578 

PG0849+580 

CV 

1H0707+443 

EXO0709+443 

AGN 

1H0857-242 

H0857-242 

CV 

1H0712+558 

A57 6 

CG 

1H0859-403 

VelaX-1 

XRB 

1H0713-112 

SA0152714 

AC 

1H0908-326 

T Pyx 

CV 

1H0714-390 

HD58111 

AC 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

TYPE 

NRL NAME 

ID 

TYPE 

1H0906-095 

A754 

CG 

lHllOO-230 

HllOl-232 

BL 

1H0912+407.A 

IRS0910+411 

AGN 

1H1104+382 

Mkn 421 

BL 

1H0917-121 

3C218 

CG 

1H1109+181 

1E1114+183 

CG 

IH0912+407 .B 

NGC2844 

AGN 

1H1121+309.B 

XI_UMa 

AC 

1H0918-548 

X0918-549 

XRB 

1E1114+182 

DP_Leo 

CV 

1H0919-312 

H0922-374 

XRB 

1H1118-602 

CenX-3 

XRB 

1H0920-629 

X0921-630 

XRB 

1H1118-431 

H1118-429 

AGN 

1H0929+122 

Mrk 705 

AGN 

X1118-616 

Wra 793 

XRB-Be 

1H0921+449 

H0925+449 

AGN 

1H1120+423 

PG1121+422 

AGN 

1H0927+501 

H0928+500 

CV 

1H1121-591 

MSHll-54 

SNR 

1H0932+107 

Sy-Huchra 

AGN 

1H1121+309.A 

AW_UMa 

AC 

1H0946-144 

NGC2992 

AGN 

1H1130+043 

T_Leo 

CV 

1H0946-309 

A0945-30 

AGN 

1H1137+699 

Mkn_180 

BL 

1H0950+696.A 

M82 

CG 

1H1135-372 

NGC3783 

AGN 

1H0950+696.B 

NGC3031 

AGN 

1H1135-125 

H1137-127 

AGN 

1H0945+252 

HD86590 

AC 

1H1137-649 

HD101379 

AC 

1H0951+057 

RR Sex 

AC 

1H1142-178 

H1143-182 

AGN 

3H0953+415 

PG0953+415 

AGN 

1H1142+199 

A1367 

CG 

1H1003+428 

H1002+427 

AGN 

1H1148-499.A 

SA0222993 

AC 

1H1013+498 

BLlOll+496 

BL 

2A1150+72 

YY Dra 

CV 

1H1006-472 

KO Vel 

CV 

1H1144-617.A 

X1145-616 

XRB 

1H1012-098.A 

A970 

CG 

1H1144-617.B 

V801 Cen 

Be 

1H1012-098 .B 

PKS1020-103 

AGN 

1H1148-499.B 

SAO223029 

AC 

1H1017+202 

NGC3227 

AGN 

1H1152+237 

BL1147+245 

BL 

1H1023+513 

A1004 

CG 

1H1139+594 

star 

AC 

1H1017+226 

H1025+220 

CV 

1H1148-499.C 

HD103197 

AC 

1H1027-351 

S0636 

CG 

1H1150+738 

H1154+734 

AGN 

1H1032-142 

H1029-I40 

AGN 

1H1154+294 

4C29.45 

AGN 

A1028-56 

SAO238130 

XRB-Be 

1H1205+440 

NGC4051 

AGN 

1H1033-273 

A1060 

CG 

1H1208-518 

PKS1208-518 

SNR 

1H1039-073 

H1039-074 

AGN 

1H1210+393 

NGC4151 

AGN 

1H1041+395 

A1068 

CG 

1H1213+718 .A 

SAO007533 

AC 

1H1043-641 

Theta_Car . 

Misc . 

1H1219+301 .B 

Mkn_7 6 6 

AGN 

1H1045-597 

Eta Car 

Misc . 

1H1211+762* 

Mkn 205 

AGN 

1H1046+547 

1E1048+542 

CV 

1H1213+718 .B 

H1218+713 

AGN 

1H1055+299.A 

A1120 

CG 

1H1215-549 

SA0239838 

AC 

1H1055+299.B 

Arp . 1 07A 

AGN 

1H1219+301 .A 

2A1215+303 

BL 

1H1051+607 

SAO015338 

AC 

1H1221-623 

GX301-2 

XRB 

1H1059+566 

A1132 

CG 

1H1225-303 

SAO203539 

AC 

1H1054-665 

QU Car 

CV 

1H1226+022 

3C273 

AGN 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 

NRL NAME ID TYPE NRL NAME ID TYPE 


1H1228+081 

N4472 

CG 

1H1226+128 

VirgoM87 

CG 

1H1229+199 

AKN 374 

AGN 

1H1241+626.A 

1E1235+6315 

BL 

1H1253-761 

SA0256967 

XRB-Be 

1H1238-599 

X1239-599 

XRB 

1H1238-050 

NGC4593 

AGN 

1H1249-637 

SA0252002 

Be 

1H1241+626.B 

Wool . star 

AC 

1H1244-588 

X1246-588 

XRB 

1H1244-409 

Cen_Cl . 

CG 

1H1251-291 

EX Hya 

CV 

1H1255-567 

SAO240367 

XRB-Be 

1H1254-690 

X1254-690 

XRB 

1H1255-172 

A1644 

CG 

1H1241+626.C 

Mrk 236 

AGN 

1H1257-610 

GX304-1 

XRB-Be 

1H1257+281 

A1656ComaCl 

CG 

1H1304-497 

DM-48 7859 

XRB-Be 

1H1303-047 

SA0139157 

AC 

1H1305+466.A 

A1682 

CG 

1H1305+466 .B 

H1307+462 

AGN 

1H1308-237 

NGC4968 

AGN 

1H1313+363 

NGC5033 

AGN 

1H1312-161 

NGC5044 grp 

CG 

1H1312+393 

SAO063494 

AC 

1H1321+692* 

H1318+692 

AGN 

1H1326+174 

SA0100517 

AC 

1H1318+560 

H1320+551 

AGN 

1H1320+066 

IR1321+058 

AGN 

1H1323-428 

Cen A 

AGN 

1H1326-025 

SAO139320 

AC 

1H1322-309 

S1325-312 

CG 

1H1325-246 

H1324-246 

AGN 

1H1326-269 

A1736 

CG 

1H1332-233 

A1757 

CG 

1H1332+372 

SAO063623 

AC 

1H1334-340 

1E1333-340 

AGN 

1H1329+514 

star 

AC 

1H1338-144 

H1338-143 

AGN 


1H1338-604 .B 

SA0252429 

AC 

1H1338-604 .A 

X1344-604 

XRB 

1H1344-326 

S1344-326 

CG 

1H1345-300 

IC 4329A 

AGN 

1H1348+267 

A1795 

CG 

1H1350+696 

Mkn 279 

AGN 

3A1357+626 

PG1351+64 

AGN 

1H1341+402 

Mkn_464 

AGN 

1H1359-645 

Exo Tr 

XRB 

1H1359-421 

PKS1355-416 

AGN 

3H1405+804 

AC+79 4347 

AC 

1H1352-105.A 

A1836 

CG 

1H1352-105.B 

A1837 

CG 

1H1357+033 

A1835 

CG 

1H1411+094 .A 

SA0100840 

AC 

1H1358+146 

Cl. 1405+142 

CG 

1H1404-450 

1E1405-451 

CV 

1H1409-267 

PKS1404-267 

CG 

1H1405+230 

A1880 

CG 

1H1408-031 

NGC5506 

AGN 

1H1415+255 

NGC554 8 

AGN 

1H1411+094 .B 

SA0120406 

AC 

1H1420+481 

H1419+480 

AGN 

X1417-624 

2S1417-624 

XRB 

1H1426+120 

Cl. 1422+123 

CG 

1H1419+584 

A1925 

CG 

1H1422+273 

B2_1425+267 

AGN 

1H1427+013 

Mkn 1383 

AGN 

1H1430+423 

H1426+427 

BL 

1H1438-623 

MSH14-63 

SNR 

1H1429+370 

Mkn 478 

AGN 

1H1448+415 

H1443+421 

AGN 

1H1439+393 

DM+39 2801 

AC 

1H1444-553 

H1447-554 

AGN 

1H1449+316 

star 

AC 

1H1450+190 .B 

xi Boo 

RSCVn 

1H1450+190.A 

A1991 

CG 

1H1456-826 

SA0258714 

AC 

1H1457+214 . 

A2009 

CG 

1H1458-416 

SN 1006 

SNR 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

lYPE 

1H1504+035 

Mkn_1392 

AGN 

1H1504+473 

SAO045357 

AC 

1H1508+060 

A202 9 

CG 

1H1510+335 

A2034 

CG 

1H1511-589 

MSH15-52 

SNR 

1H1513-400 

Steiner . Syl 

AGN 

1H1514+072 

A2052 

CG 

1H1515+660 

H1517+656 

BL 

1H1516-569 

CirX-1 

XRB 

1H1521 + 308 .A 

A2061 

CG 

1H1518+282 

A2 065 

CG 

1H1521+083 

A2063 

CG 

1H1521+308.B 

H1522+307 

AGN 

1H1530+585 

Mrk 290 

AGN 

1H1538-522 

X1538-522 

XRB 

1H1538-182 

AGN-Steiner 

AGN 

1H1540+338 

H1537+339 

AGN 

1H1543-624 

X1543-624 

XRB 

1H1544+360 

A2124 

CG 

1H1555-552 

SAO243098 

XRB-Be 

1H1556-605 

2S1556-605 

XRB 

1H1556+273 

A2142 

CG 

1H1604+158 

A2147 

CG 

1H1607-189 

SA0159731 

AC 

1H1608-522 

X1608-522 

XRB 

1H1613-097 

H1613-101 

AGN 

1H1613-060 

A2163 

CG 

1H1615+655 

Mkn 876 

AGN 

3H1613+075 

SAO121460 

AC 

1H1611-286 

SAO184320 

AC 

1H1617-155 

ScoX-1 

XRB 

1H1626-245* 

rho_Oph 

Misc . 

1H1622-751 

WW Aps 

AC 

1H1624-490 

X1624-490 

XRB 

1H1627-673 

X1627-673 

XRB 

1H1631+394 

A2199 

CG 

1H1626+058 

A2204 

CG 

1H1627+302 

QS01629+299 

AGN 

1H1630+673* 

Mkn 885 

AGN 

4U1630-472 

X1630-472 

XRB 


NRL NAME 

ID 

TYPE 

1H1634-281 

tau_Sco 

Misc . 

1H1635-642 

ClTrAustral 

CG 

1H1636-536 

X1636-536 

XRB 

1H1639-109 

H1643-113 

AGN 

1H1642-455 

GX340+0 

XRB 

1H1653-062 

SA0141428 

AC 

3H1646+152 

S_Her 

AC 

1H1651+398 

Mkn 501 

BL 

1H1653-083 

SA0141439 

AC 

1H1657-037 

1E1654-042 

AC 

1H1656+354 

HerX-1 

XRB 

1H1658-298 

X1658-298 

XRB 

1H1659-487* 

GX339-4 

XRB 

X1657-415 

E1657-415 

XRB 

1H1702-363 

GX349+2 

XRB 

1H1702+336 

A2244 

CG 

1H1703-013 

UGC10683B 

AGN 

X1700-377 

V884 SCO 

XRB 

X1702-429 

X1702-429 

XRB 

1H1702-437 

X1705-440 

XRB 

1H1704+605 

3C351 

AGN 

1H1705-250 

Nova_Oph7 7 

XRB 

1H1706+241 

HD154791 

Misc . 

1H1706+786 

A2256 

CG 

1H1702+456 

star 

AC 

1H1708-405 

X1708-407 

XRB 

1H1712-337 

X1711-339 

XRB 

1H1712+490.A 

SAO046541 

AC 

4U1708-23 

OphiucusCl 

CG 

1H1712+641 

A2255 

CG 

1H1715-321 

X1715-321 

XRB 

1H1720-669 

SA0253856 

AC 

1H1712+490 .B 

Arp 102B 

AGN 

1H1714+424 

PG1717+413 

CV 

1H1718-010 

3C353 

CG 

1H1719+033 

SA0122313 

AC 

1H1720+269.B 

HRI1718+266 

CG 

1H1718+242 

V396 Her 

AGN 

1H1720+117* 

H1722+119 

BL 

1H1720+269.A 

A2263 

CG 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

TYPE 

NRL NAME 

ID 

TYPE 

1H1727+308 

Mkn_506 

AGN 

1H1828-105 

G21 .5-1 

SNR 

1H1728-213 

Kepler SNR 

SNR 

1H1840+729 

QS01831+731 

AGN 

1H1730+500 

IZwl87 

BL 

1H1828-593 

Fair 49 

AGN 

X1724-307 

Terzan 2 

XRB 

1H1832-652 

ESO103-G35 

AGN 

1H1728-334 .A 

GX354-0 

XRB 

1H1835+326 

3C382 

AGN 

1H1728-334 .B 

Liller 1 

XRB 

1H1836-786 

H1839-786 

AGN 

1H1728-247 

GXl + 4 

XRB 

1H1837+049 

SerX-1 

XRB 

1H1728-169 

GX9+9 

XRB 

1H1840-050 

G27.4+0 

SNR 

1H1735-444 

X1735-444 

XRB 

1H1845-024 .B 

G29.7-0 . 

SNR 

1H1739+744 

SA0008842 

AC 

1H1845-024 .A 

X1845-024 

XRB 

1H1735+400 

A2278 

CG 

1H1858+797 

3C390.3 

AGN 

1H1739-126 

H1739-121 

AGN 

1H1850-087* 

NGC6712 

XRB 

1H1741+586 

NGC6418 

AGN 

1H1853-312 

V1223 Sgr 

CV 

1H1740+329 

B1742+330 

CG 

1H1852+015* 

G34 .7-0 

SNR 

1H1744-293 

X1742-294 

XRB 

1H1903+689 

H1907+690 

CV 

1H1744-265* 

GX3 + 1 

XRB 

1H1905+000 

X1905+000 

XRB 

1H1746-370 

NGC6441 

XRB 

1H1909+096* 

X1907+097 

XRB-Be 

1H1747+675 

H1746+676 

AGN 

1H1909+304 

SAO067836 

AC 

1H1748+685 

KAZ 163 

AGN 

1H1907+074 

X1908+075 

XRB 

1H1746+475 

H1750+477 

AGN 

1H1908+047 

SS433 

SNR 

1H1752+289 

SA0085590 

AC 

1H1913-193 

H1914-194 

BL 

1H1754-338 

X1755-338 

XRB 

1H1911-589 

ES0141-G55 

AGN 

1H1752+081 

H1758+081 

CV 

1H1916-053 

X1916-053 

XRB 

1H1758-250 

GX5-1 

XRB 

1H1918-481 

BN Tel 

AC 

1H1758-205 

GX9 + 1 

XRB 

1H1919+438 

A2319 

CG 

1H1758-482 

SAO228707 

AC 

1H1926+713 

YZ Dra 

AC 

1H1811+670 

V1803+676 

AGN 

1H1922+746 

4C73.18 

AGN 

1H1803+696 

3C371 

BL 

1H1930-589 

Cape -Ed. CV 

CV 

1H1801+579 

star 

AC 

1H1936+541 

DM+53 2262 

XRB-Be 

1H1811-171* 

GX13+1 

XRB 

1H1927-516 

H1934-513 

AGN 

1H1812-182 

G12 . 0-0 

SNR 

1H1929+509 

H1933+510 

CV 

1H1815+538.B 

H1811+540 

AGN 

1H1930+302 

G65.2+6 

SNR 

1H1813-140 

GX17+2 

XRB 

1H1934-063.A 

H1934-063 

AGN 

1H1814+498 

AM Her 

CV 

1H1939-405 

V2153 Sgr 

AC 

1H1815-121 

X1812-121 

XRB 

1H1934-063.B 

HD185510 

AC 

1H1815+538.A 

SA0030826 

AC 

1H1937-106* 

NGC6814 

AGN 

1H1820-303 

NGC6624 

XRB 

1H1950-552 

S1948-552 

CG 

1H1820+643 

KUV 1821+64 

AGN 

1H1958+325 

3A1954+319 

XRB 

1H1822-371 

X1822-371 

XRB 

1H2010-697 

BQ Pav 

AC 

1H1822+000 

X1822-000 

XRB 

1H1956+115 

X1957+115 

XRB 
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TABLE 3.1 


HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 


ID 

TYPE 

NRL NAME 

ID 

TYPE 

1H1956+350 


CygX-1 

XRB 

1H2207+455 

SAO051684 

AC 

1H1958+406 


Cyg A 

CG 

1H2209-470 

NGC7213 

AGN 

1H2004+729 


H2001+725 

AGN 

1H2205+538 

4U2206+54 

XRB-Be 

1H2006+646 


HRI2003+642 

AC 

1H2218+197* 

PG2209+184 

AGN 

1H2016+772 


S5 2007+77 

BL 

1H2207+268 

Wool . star 

AC 

1H2012-567 


S2008-569 

CG 

1H2207+829 

SA0003716 

AC 

1H2018-529 


Fair 341 

AGN 

1H2217-392 

star 

AC 

1H2018+439 


HD193793 

Misc . 

H2215-086 

FO Aqr 

CV 

1H2018+366 


EX02030+374 

XRB 

1H2221-017 .A 

A2440 

CG 

1H2030+407 


CygX-3 

XRB 

1H2221-017 .B 

3C445 

AGN 

1H2034+734 


SA0009779 

AC 

1H2214+589 

3G71 

XRB-Be 

1H2031-330 


AT Mic 

AC 

1H2236-372.A 

S2231-379 

CG 

1H2041+756 


SA0009828 

AC 

1H2236-372 .B 

EX02231-379 

AGN 

1H2041-108 


Mkn_50 9 

AGN 

1H2236+497 

SA0052073 

AC 

1H2044-032 

.A 

Mrk_896 

AGN 

1H2226-269 

NGC7314 

AGN 

1H2102-796 


SA0258871 

AC 

1H2238-123 

Mkn 915 

AGN 

1H2044-032 

.B 

A3 .QSO 

AGN 

1H2229-542 

SA0247577 

AC 

1H2050+310 


Cyg. Loop 

SNR 

1H2239+294 

AKN_564 

AGN 

1H2107-097 


H2106-099 

AGN 

1H2240-480 

CompactGrp 

CG 

1H2108+019 


Zwicky gal . 

CG 

1H2245-646 

S_2246-646 

CG 

1H2118-342 


WMR-CV 

CV 

1H2251+450 

EV Lac 

AC 

1H2109+818 


SA0003536 

AC 

1H2251-179 

MR2251-178 

AGN 

1H2120+184 


HRI-SAO 

Misc . 

1H2251+167 

SAO108231 

AC 

1H2124-529 


HD204128 

AC 

1H2251-035 

AO_Psc 

CV 

1H2128+120 


M15 

XRB 

1H2252+621 

IPC Blob 

Misc . 

1H2121-584 


SAO247096 

AC 

1H2256+057 

A2507 

CG 

1H2131+473 


X2129+470 

XRB 

1H2258+585 

G109. 1-1.0 

SNR 

1H2129-624 


H2132-626 

AGN 

1H2301+086 

NGC7469 

AGN 

1H2140+433 


SS Cyg 

CV 

1H2303-089 

Mrk 926 

AGN 

1H2142+380 


CygX-2 

XRB 

1H2303+039 

PG2304+042 

AGN 

1H2148-200 


A2384 

CG 

1H2315+257 

SAO091019 

AC 

1H2150+171 


A2390 

CG 

1H2251-710 

HD219025 

AC 

1H2156-304 


PKS2155-304 

BL 

1H2307-222 .A 

A2556 

CG 

1H2158-602 

.B 

S2154-606 

CG 

1H2307-222 .B 

A2554 

CG 

1H2158-602 

.A 

S2158-602 

CG 

1H2315-423 

NGC7582 

AGN 

1H2202+501 


SAO051568 

XRB-Be 

1H2319+188 

A2572 

CG 

1H2214-313 


NGC7172 

AGN 

1H2313+783 

SA0010697 

AC 

1H2158+046 


PKS2201+04 

BL 

1H2322-269* 

SAO191840 

AC 

1H2206-052 


A2415 

CG 

1H2318+417 

H2321+419 

BLcand 

1H2213+484 


SAO051628 

AC 

1H2319-582 

H2320-582 

AGN 
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HEAO-1 SCANNING MODULATION COLLIMATOR 
IDENTIFICATIONS OF HARD X-RAY SOURCES 


NRL NAME 

ID 

1H2320+084 

NGC7674 

1H2320+146 

A2593 

1H2321+585 

Cas A 

1H2323+165 

A2589 

1H2327-170 

DM-176768 

1H2337+701 

SA0010779 

1H2336+462 

SA0053204 

1H2343+090 

A2657 

1H2348-281 

S2345-284 

1H2352+109 

A2675 

1H2354+285 

SAO091578 

1H2351-315.B 

H2354-307 

1H2355-350 

PKS2354-35 

1H2353-177 

star 

1H2351-315 .A 

H2356-309 


TYPE NRL NAME ID 


AGN 

CG 

SNR 

CG 

AC 

AC 

AC 

CG 

CG 

CG 

AC 

AGN 

CG 

AC 

BL 


TYPE 


14 



4 Guest Collaborator Program 

Long before the HEAO-1 launch we realized that the primary scientific return of the MC 
experiment would not be the plots of allowed x-ray source locations in celestial coordinates, 
but rather would be the publication of eacli astronomical identification, with appropriate 
discussion of the physical characteristics of the system. It was obvious this must involve 
extensive participation b\* many astronomers outside of our MC x-ray experiment team. 
Well planned, deliberate studies were nec'ded to make significant progress. 

We perceived some major differences from the traditional Guest Investigator programs 
being set up for both the HEAO-1 and HEAO-2 missions. Accessing and analyzing raw x-ray 
data is not generally a task in which an optical astronomer is skilled or interested. HEAO-1 
was originally defined as a six month, soleK' PI mission, and the MC data system, designed in 
the 1974 to 1976 time frame, was intended for operation only by computer specialists guided 
by the MC experiment scientific team, "fhe baseline HEAO-1 mission was a six month 
all-sky scan without pointing, so tliat 1 to 8 full days of the real-time telemetry stream 
must be processed for each source position. The key tact is that essentially all astronomers 
are interested in particular t\’pes of objects, whereas a priori the identification type of an 
arbitrary, weak x-ray source cannot be ant }< ipated. 

Therefore we initiated an active Guest ( ollaborator Program. (Einstein used a similar 
collaborative program for their identifications of deep and medium survey sources, cf. Giac- 
coni et al. 1979). In this program we freeix' collaborated with any astronomer in the world 
on specific x-ray identifications according to their interests. Typically, they provided de- 
tailed or repeated spectra, polarization. j)hotometry, and astronomical interpretation, after 
our indication of the identification type. Their data might be in any electromagnetic band: 
optical, ultraviolet, infrared, radio, or x-ray. 

Table 4.1 provides details on the collaf)orations which resulted in publications. People 
from CfA and MIT are onh’ listed during ])eriods of time when they were not actually em- 
ployed on the MC project. Several of these |)eople have worked on more than one publication, 
and each publication has many co-authors. We have additional publication with 10 other 
members of the HEAO-1 A-1, A-2, and \- l teams. 

We effectively organized and carried out a substantial guest observer program, at no 
additional cost to NASA. 
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Tal>le 4.1 

HEAO-1 .A-;5 C:ri:ST COLLABOR.ATORS 


Observer 

Inst it ution 

Observatory 

P.A. Charles 
J. Thorstensen 

Ihiiversity of ( ’alifornia, Borkele}* 

Lick, CTIO 

D. Crampton 

Dominion Astro[>hvsical 01>ser\'atoiy 

DAO 

M. Davis 
J. Huchra 

Center for Astroi)liysics 

SAO (Mt. Hopkins) 

J. Grindlay 
C. Canizares 
J. McClintock 

Center for Astroi)liysirs 

M.I.T. 

CTIO, KPNO, 
McGraAv Hill 

A. Longmore 
D. Malin 

Royal 01)servatur\. Rclinburgli 

UK Schmidt 
(Australia) 

W. Liller 

Center for Astrophysics 

CTIO 

B. M argon 

University of ( Vilifornia. Los Angeles 

Lick 

S. Mayo 
J. Whelan 
B.A. Cooke 
I. McHardy 

Institute of Astronom\' 
Uni\^ersity of Leicester 

AAT. RGO 

P. Murdin 

Anglo- Australian 01>ser\’atory 

A AT 

S. Tapia 

Ihiiversity ol Arizona 

Steward Observatory 

R.M. Thomas 
J. Greenhill 
D. Watts 

University of Tasmania 

AAT 

J. van Paradijs 

MIT, University of Amsterdam 

ESO 

M. Ward 
J.C. Blades 
A.S. Wilson 

Institute of Ast rononi}- 
A nglo- A list ra 1 ia n 0 bser\’a t or v 
University of Marx land 

AAT, Mt. Sti’omlo 
KPNO 

S. Baliunas 
J. Tonrv 

Center for Astro])hysirs 

Mt. Hopkins 
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Observer 

Inst itution 

Observatory 

D.Q. Lamb 
W, Tucker 

Center for Astrophysics 

(Theoretical) 

A. Lawrence 
LM. McHardy 
J.P. Pye 
M. Watson 

Uni\’ersity of ].(‘ic('ster 

Ariel V' X-ray 
satellite 

J. Steiner 

Center for Asl ro])hvsics and 
Brazilian Astro])liysical 01)servatory 

CTIO and Brazilian 

Astrophysical 

Observatory 

F.J. Jablonski 
I.C. Busko 

Brazilian Aslropliysical Observatory 

1.6m telescope 
at B.A.O. 

A.P. Cowle}’ 
J.E. Hesser 

Herzberg Institute*. 

Dominion Astioph\'sical Observatory 

DAO 

M.S. Bulkhead 

Indiana IJniveisity 

Goethe Link 

W.A. Dent 

Ihiiversity of Massacluisetts 

Haystack Radio 
Observatorj' 

A.G. Smith 

University of f lorida 

Rosemary Hill 

M. Elvis 
G. Fabbiano 

Center for Ast ropliysics 

lUE 

G. Koenigsberger 
J. Swank 

Goddard Space* Flight (/enter 

OSO-S 

L. Petro 
R. Remillard 

Massachusetts Institute of Teclmology 

McGraw-Hill 

C. Price 

University of Michigan 

McDonald 

Observatory 

G.A. Williams 

University of Michigan 

McGraw-Hill 

R.L. Brown 

N.R.A.O. 

VLA 

M. Ulmer 

Northwestern Uuiv’ersity 

Kitt Peak, VLA 

R. Cruddace 

Naval Research Fab 

Kitt Peak 



Observer 

Inst it ut ion 

Observatory 

G. Ricker 

M.LT. 

NASA IRTS, Mauna Kea 

I. Tuohy 
D. Buckley 
R. Brissenden 
G.V. Bicknell 

Australian National University 

AAT. MSSSO 

E. Feigelson 
J. Schmelz 

Penn State Uni\(M*sity 

VLA 

R.S. Warwick 

University of l.eirester 

Ariel V' X-ray 
Satellite 

B. Geldzahler 
K. Johnston 
P. Hertz 

Naval Research Lai) 

VLA 

W. Romanishin 
S. Wyckoff 
P.A. Wehinger 

Arizona State University 

Kitt Peak 

W.P. Blair 

John Hopkins 

lUE 

J.-P. Caillault 

University of (leorgia 

Kitt Peak 

D.J. Sullivan 

Victoria Uni\'(‘rsity of 
Wellington, NZ 

MSSSO, MJUO 

M. Clark 

Mount John Unixersity 
Obser\^ator\’ 

MJUO 
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1987 Discovery of Three New RS CA’n-like Counter])arts to Hard HEAO-1 X-ray Sources 
(D.A.H, Buckley, I.R. luohy. R..\. Remillard. H. Bradt. and D.A. Schwartz). Astro- 
physical JournaL volunu' 315. 273. 



1988 Twelve X-ray Emitting Be Caiuliflates Ironi HEAO-1 (I.R. Tuohy, D.A.H. Buckley. 
R.A. Remillard, H.V. Brack, and D..A. Schwartz). In the Physics of Neutron Stars 
and Balck Holes, Y. Tanaka ed.. (Tok\o: Universal .'\cademic Press), 93. 

1988 The HEAO-1 Modulation Collimator Today (H.V. Brack, R.A. Remillard, I.R. Touhy, 
D.A.H. Buckley. R. Brissenden. 1)..\. Schwartz, and W. Roberts). In the Physics of 
Neutron Stars and Balck Holes. Tanaka ed., (Tokyo: Universal Academic Press). 
527. 

1988 Multiwaveband Studies of X-ray Selected .Active Galactic Nuclei (R.J.V. Brissenden, 
I. Tuoh}', R.A. Remillard. B..A.H. Buckley. G.V. Bicknell, H.V. Brack, and D.A. 
Schwartz). Proceedings of .Astron. .Soc. Aust.. volume 7, 212. 

1988 Simultaneous lUE, EXOS.AT. and Ojitical Obscn vations of the Unusual AM Her type 
Variable H0538-I-60S (C.R. Shrader. R..A. Remillard. A. Silber, J. McClintock, and 
D.Q. Lam). In .A Decade of UV Astronomy with the lUE Satellite, Proceedings of 
the lUE Symposium at GSFC, E..). Rolle. ed. (Noordwijk, The Netherlands: ESA 
Publications Division), volume 1. 137. 

1988 The Unicjue High-Energy Spectrum of the QSO PKS0558-504 (R.A. Remillard, D.A. 
Schwartz, and R..1.V. Brissendc^ii ). In .A Decade ol UV Astronomy with the lUE 
Satellite, Proceedings of tlie lUK Symposium at GSFC, E.J. Rolfe, ed. (Noordwijk. 
The Netherlands: ESA Publications Division), volume 1, 273. 

1988 Optical Observations of the X-ray Binary V 1 727 Cygni (=4U 2129-T47) During a Low 
State: Some Unexpected Results ( J.R. Thorstensen, D.E. Mook, R.a. Remillard, J.E. 
McClintock. D.C. Koo, and P..A. Cliarles). Ast rophysical Journal, volume 334, 430. 

1989 Two X-ray Selected BL Lac Objects Observed with the HEAO-1 Scanning Modulation 
Collimator (R..A. Remillard. H.\'. Brack, D.A.H. Bucklejy J.E. McClintock, D.A. 
Schwartz, S. Tapia, and I.R. Tuoliv). A fiiro physical Journal, volume 345, 140. 

1989 BL Lac Objects Detected in the HE.AO-1 All-Sky .Survey (D.A. Schwartz, R. Bris- 
senden, E. Feigelson, P. Hertz, R. Remillard. and I. Tuohy). Proc. of Conference “BL 
Lac Objects: 10 A ears .After". L. Marschi. ed. ( Springer- Verlag), 209. 

1989 A Multiwavelength Study of X-ray Selected .AGN (R.J.V. Bri.ssenden, I.R. Tuohy, 
G.V. Bicknell. R..A. Remillard. and D..A. Schwartz), in lAU Symposium 134 “Active 
Galactic Nuclei’". D.E. Osterbrock and J.S. Miller, eds.. 199. 

1989 H1720-T117: .A Highly Polarized X-ray Selected BL Lacertae Object (R.J.V. Bris- 
senden, R.A. Remillard. I.R. Tuoliy. E. Feigelson.a nd D..A. Schwartz). Asirophysical 
Joxirnal, volume 350. 578. 

1990 The X-ray Nova Centaurus X-4: Compari.sons with .A0620-00 (J.E. McClintock and 
R.A. Remillard). Asirophysical Journal, volume 350. 386. 



1990 LB 1800: An Eclipsing Cataclysmic Variable and the Optical Counterpart to a Tran 
sient X-ray Source (D.A.H. Buckley, D.J. Sullivan, R.A. Remillard, I.R. Tuoh}', and 
M. Clark). Asfrophysical Jouriuil. volume 355, 617. 

1990 3A 1954-1-319: A Possible Supergiant X-rav Binary (R.W. Tweedy, R.S. Warwick, 
and R. Remillard). 23rd ESL.AR Symposium on X-ray Astronomy, J. Hunt and B. 
Buttrick, eds. (ESA: SP296) 661. 

1990 H0709-360: A Cataclysmic Varial)le with an Orbital Period Insside the ‘Period Gap’ 
(I.R. Tuohy, R.A. Remillard, R..J.V. Brissenden, and H.V. Bradt). Astrophysical 
Journal, volume 359, 204. 

1990 H0538-I-608: An X-ray and Opticla Study of an Unusual AM Her System (A. Silber, 

R. Remillard, H. Bradt, M. Ishida. and 1. Ohashi). in Accretion- Powered Compact 
Binaries, Proc. 11th North Amei ican Workshop on Catacl5^smic Variables and Low- 
Mass Binary Systems. C.W. Mam he. ed. (Cambridge: Cambridge University Press), 
289. 

1991 Ginga Observation of an .AM Her Tv|)e Source H0538-f608 (M. Ishida, A. Silber, H. 
Bradt, K. Makishima. T. Ohaslii. and R. Remillard), Astrophysical Journal, volume 
367, 270. 

1991 A Rapid Energetic X-ray Flare in I lie Quasar PKS 0.558-504 (R.A. Remillard, B. 
Grossan, H.V. Bradt, T. Ohasha. K. Hayashida. F. Makino, and Y. Tanaka). Nature, 
volume 350, 589. 

1991 The Eclipsing AM Her Type Variable. H1907+609 (R.A. Remillard, B.A. Stroozas, 

S. Tapia, and .A. Silber). Astropinisical Journal, volume 379, 715. 

1991 The X-ray Cooling Flow in the Clustei ol Galaxies .Around PKS2354-35 (D.A. Schwartz. 
H.V. Bradt, R..A. Remillard. and I.R. Tuohy). Astrophysical Journal, volume 376, 
424. 

1991 Discovery of a Long-Term Periodic Variation in LMC X-3 ( A.P. Cowley, P.C. Schmidtke, 
K. Ebisawa, F. Makino, D. Crampton, J.B. Hutchings, R.A. Remillard, S. Kitamoto, 
and A. Treves). Asirophysicnl Journal, volume 381. 526. 

1991 Serendipitous Identifications of Two .Magnetic White Dwarfs (N. Archilleos, R.A. 
Remillard, and D. Wickramasinghe). M.N.R.A.S., volume 253, 522. 

1992 H0538-I-608 (B\ Cam): .An .Asychronously Rotating AM Her Type Binary? (A. 
Silber, H.V. Bradt, R..A. Remillard. .\I. Ishida. and T. Ohashi). Astrophysical Journal 
volume 389, 704. 

1992 S-154 in the LMC: Spectral Evolution from a Luminous Fell Variable to a Symbiotic- 
like Star (R.A. Remillard. E. Rosenthal. I.R. Tuohy, D.A. Schwartz, D.A.H. Buckley, 
and R..1.V. Brissenden). Ast roph ysical Journal, in press (September 10, 1992). 
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1992 EC 29324P5915: A Bright, Eclipsing Catadysinic Variable from the Edinburgh-Cape 
Blue Object Survej^ (D.A.H. Buckley, D. O'Donoghue, D. Kilkenny, R.S. Stobie, and 
R.A. Remillard). Astrophysical Journal, in ])ress. 

1992 Rapid Oscillations in Cataclysmic \ ariables. VIII: YY Draconis (=3A1 148+719) (J. 
Patterson, D.A. Schwartz, J.P. Pye. VV.P. Blair, G.A. Williams, and J.P. Caillault). 
Astrophysical Journal, submitted. 

1992 Twenty-two Emission-Line AGNs from the HEAO-1 X-ray Survey (R.A. Remillard, 
H.V.D. Bradt, R.J.V. Brissendeii. D..A.II. Buckley, W. Roberts, D.A. Schwartz, B.A. 
Stroozas, and I.R. Tuohy). .4.7, sul>iiiitted. 

1992 Fourteen New X-ray Selected .4G.\ from the IIEAO-1 All-Sky Survey (R.J.V. Bris- 
senden, I.R. Tuohy. R..-\. Remillard. II. V. Eiradt. and D..A. Schwartz), Astrophysical 
Journal, to be submitted. 

1992 The HEAO-1 MC'-L.ASS Catalog of Identified X-ray Sources (R..A. Remillard. H.V. 
Bradt, R.J. B rissenden, and D.A. Srliwartz). A.'^frophysical Journal Supplement, (in 
preparation). 



5.2 


Abstracts of Talks 


1977 High spatial resolution x-ray ohservalious of the Perseus clusters of galaxies with the 
scanning modulation collimator on IlEAO-1 (.1. Schwarz, M. Johnston, R.E. Doxsey, 
D.A. Schwartz, H. Gursky. and 11. Bradt). [.-\l)stract] Bulletin of the American As- 
tronomical Society, volume 9. page 558. 

1977 Measurements of x-ray source positions by the scanning modulation collimator on 
HEAO-1 (D.A. Schwartz, H . Gursky. II. Bradt. R. Doxsey, J. Schwarz, R. Dower, 
G. Fabbiano, R.E. Griffiths, M. Johnston. R. Leach, A. Ramsey, and G. Spada). 
[Abstract] BuUttin of ihe Aweriran Astronomical Society, volume 9, page 626. 

1977 Search for interstellar scattering x-ray halos with HEAO-1 scanning modulation col- 
limator (G. Spada, H. Bradt, R. Doxsey. R. Griffiths. H. Gursky, D.A. Schwartz, and 
J. Schwarz). [.Abstract] Biilhtni of th( Amtncan Astronomical Society, volume 9. 
page 626. 

1977 Observations of the extended x-ray source in the Grab nebula by the SMC experiment 
on HEAO-1 (U.G, Briel, II. Bradt. R. Doxse}*, H. Gursky, M. Oda. A. Ramsey, 

J. Schwarz, and D.A. Schwartz). [Abstract] Bulletin of the American Astronomical 
Society, volume 9. page 627. 

1977 Location of the norma transient/lmrster with HE.AO-1 scanning modulation collima- 
tor (G. Fabbiano, II. Gursky. D.A. Schwartz. J. Schwarz, H. Bradt, and R.E. Doxsey). 
[Abstract] Bulletin of the Ameriran Astronomical Society, volume 9, page 627. 

1977 Nova Ophiuchi 1977: An x-ray iio\a (R.E. Griffiths. H. Bradt, R. Doxsey, H. Fried- 
man, H. Gursky, M. Johnston. R. Leach. A. Longmore, D.A. Malin, P. Murdin, 
M.J. Ricketts, D.A. Schwartz. J. Schwarz, and M.G. Watson). [Abstract] Bulletin of 
the American Astronomical Society, volume 9, page 627. 

1977 Positions of x-ray burst sources determined with the HEAO-1 scanning modula- 
tion collimator (R. Doxsey, H. Bradt H. Gursky. M. Johnston, D. Schwartz, and 
J. Schwarz). [Al^stract] Bvlletin of the American Astronomical Society, volume 9. 
page 627. 

1978 Precise positions of LMC X-1. X-2. and X-3 with the HEAO-1 modulation collimator 
(M. Johnston. H. Bradt, R. Doxsey. H. Gurskw D.A. Schwartz, and J. Schwarz). 
[Abstract] Bulletin of the Ameriran Astronomical Society, volume 10, page 390. 

1978 Position and structure of the x-ray source in Cen A measured with the modulation col- 
limator in HEAO-1 (R. Doxsey, II. Bradt, II. Gursky. D.A. Schwartz, and J. Schwarz). 
[Abstract] Bulletin of the Ameriran Astronomical Society, volume 10, page 390. 

1978 Observations of Low Luminosity Opt ical Counterparts of X-ray Sources ( J. Thorstensen, 
P.A. Charles, and S. Bowyer). [Al)stiact] Bulletin of the American Astronomical So- 
ciety, volume 10, page 434. 



1978 Positions of compact galactic x-ray sources from HEAO/A-3 (H.V. Bradt, R.E. Doxsey, 
R.E. Griffiths, M.D. Johnston, I). A. Scliwartz. and J. Schwarz). [Abstract] Bulletin 
of the American Astronomical Socidij. \'olume 10, page 499. 

1978 Recent identifications of galactic x-ray sources with the HEAO-1 scanning modulation 
collimator (R.E. Doxsey, H.V. Bradt, R.E. Griffiths, J. Grindlay, M.D. Johnston, 
D.A. Schwartz, and J. Schwarz). [Al)stract] Bulletin of the American Astronomical 
Society^ volume 10, page 500. 

1978 Locations and x-ray sizes of Abell clusters observed with the HEAO-1 modulation col- 
limator (U. Briel, J. Schwarz, R. Doxsey, D.A, Schwartz, G. Fabbiano, and H.V. Bradt). 
[Abstract] Bulletin of the American Astronomical Society, volume 10, page 500. 

1978 Search for point-like x-ray com])onents in the Perseus, VJrgo, and Coma clusters 
with the HEAO-1 modulation collimator (J. Schwarz, M.D. Johnston, R.E. Griffiths, 
R. Doxse}^ D.A. Schwartz, and H.V. Bradt ). [Abstract] Bulletin of the American 
Astronomical Socifty, volume 10. page 501. 

1978 HEAO-1 modulation collimator ol:)serval ions of x-ray Seyferts and other Active Glac- 
tic Nuclei (R.E. Griffiths, H. Bradt. F. Briel, R.E. Doxsey, M. Johnston, D.A. Schwartz, 
and J. Schwarz). [Abstract] Bullftin oj tin American Astronomical Society, vol- 
ume 10, page 503. 

1978 HEAO-1 Modulation Collimator Obser\alions of Cyg A (G. Fabbiano, H. Bradt, R. 
Doxsey, M. Johnston, D.A. Schwartz, and J. Schwarz). [Abstract] Bulletin of the 
Ameiican Astronomical Society, volume 10, page 503. 

1978 A deep x-ray survey of the large niagellanic cloud with the HEAO-1 modulation 
collimator (M.D. Johnston, H.V. Bradt, R.E. Doxsey, D.A. Schwartz, and J. Schwarz). 
[Abstract] Bulletin of the Amerie‘an Ast ronom ical Society, volume 10, page 504. 

1978 Observations of Low Luminosity Optical Counterparts of X-ray Sources ( J. Thorstensen, 
P.A. Charles, and S. Bow}^er). [Abstract] Bulletin of the American Astronomical So- 
ciety, volume 10, page 509. 

1978 Observations of the peculiar galaxy M82 with the HEAO-1 scanning modulation col- 
limator (M.D. Johnston, R.E. Griffiths. H. Bradt. R. Dower, R. Doxsey, G. Fabbiano, 
and D.A. Schwartz). [Abstract] Bulletin of the American Astronomical Society, vol- 
ume 10, page 628. 

1978 A search for x-ray emission from NGC 1129 with the HEAO-1 scanning modulation 
collimator (D.A. Schwartz, H.V. Bradt, R.E. Doxsey, G. Fabbiano, R.E. Griffiths, 
and M.D. Johnston). [Abstract] Bulletin of the American Astronomical Society, vol- 
ume 10, page 628. 

1978 Observations of supernova remnants with the HEAO-1 scanning modulation collima- 
tor (G. Fabbiano, H.V. Bradt, R. Dower. R.E. Doxsey, R.E. Griffiths, M.D. Johnston. 



and D,A. Schwartz). [Abstract] Bulhtin of the American Astronomical Society, vol- 
ume 10, page 644. 

1978 Locations and optical identifications of weak high-galactic latitude x-ray sources with 
the HEAO-1 scanning modulation collimator (R.E. Griffiths, R.E. Doxse}\ M.D. John- 
ston, D.A. Schwartz, M.J. Ward. A.S. Wilson, and H, Bradt). [Abstract] Bulletin of 
the American Astronomical Socirhj, volume 10, page 662. 

1978 Seyfert galaxy x-ray sources observed with the HEAO-1 scanning modulation colli- 
mator (R, Dower, R. Griffiths, H. Bradt, R. Doxsey, M. Johnston, and D. Schwartz). 
[Abstract] Bulletin of the American Astronomical Society, volume 10, page 675. 

1979 X-ray locations and sizes of cD clusters of galaxies observed with the HEAO-1 scan- 
ning modulation collimator ( J. Scliwarz, D.A. Schwartz, U. Briel, G. Fabbiano, R.E. Grif- 
fiths, H.V. Bradt. R.G. Dower. R.E. Doxsey, M.D. Johnston, and J. McKee). [Ab- 
stract] Bulletin of the .American Physical Society, volume 24. page 620. 

1979 HEAO-1 scanning modulation collimator location and size of x-ray sources associated 
with groups of galaxies (D.A. Schwartz, J. Schwarz, G. Fabbiano, R.E. Griffiths, 

H. Bradt, R.G. Dower, R.E. Doxsey, and M.D. Johnston). [Abstract] Bulletin of the 
American Physical Society, volume 24. ])age 621. 

1979 Improved position of the 38-secoml x-ray pulsar near OAO 1653-40 obtained with the 
HEAO-1 modulation collimator (T. .Armstrong, M. Johnston, H. Bradt, R.E. Doxsey, 
and D.A. Schwartz). [Abstract] Bullet iif of the Afnerican Astronomical Society, vol- 
ume 11, page 425. 

1979 More Seyfert galaxy x-ray sources ol>served with the HEAO-1 modulation collima- 
tor (R. Dower, R. Griffiths, M. Johnston, H. Bradt, R. Doxsey, and D. Schwartz). 
[Abstract] Bulletin of the American Astronomical Society, volume 11, page 442. 

1979 The extraordinary optical counterpart of 4U2129+47 ( J.R. Thorstensen, P.A. Charles, 

S. Bower, U.G. Briel, R.E. Doxsey, R.E. Griffiths, and D.A. Schwartz). [Abstract] 
Bulletin of the American Astronomical Se)cieiy. volume 11, page 445. 

1979 Location of HI 743-322 and H0632-f-lS determined with the scanning modulation col- 
limator on HEAO-1 (M, Garcia. M. Conroy, R. Griffiths, E. Ralph, W. Roberts, and 
D.A. Schwartz). [.Abstract] Bulletin of the Afnerican Astronomical Society, volume 11, 
page 447. 

1979 Location of unidentified galactic x-ray sources with the HEAO-1 scanning modula- 
tion collimator (C. Reid. M.D. Johnston, H. Bradt, R. Doxsey, and D.A. Schwartz). 
[Abstract] Bulletin of the American Astronomical Society, volume 11, page 451. 

1979 Location of variable x-ray sources neai* southern clusters of galaxies using the scanning 
modulation collimator on HEAO-1 (D. Schwartz. M. Conrojx M. Garcia, E. Ralph, 
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W. Roberts, J. Sclnvarz. R. Doxsey. and M. Johnston). [Abstract] Bulktin of the 
American Astrononricat Society, volnnio 11, page 451). 

1979 X-ray centroids and sizes of Aboil 119 and the Centaurus cluster as observed with 
the HEAO-1 scanning modulation collimator (J. Schwarz, D.A. Schwartz, M.D. John- 
ston, and R.E. Doxsey). [Abstract] Balletin of the American Astronomical Society, 
volume 11, page 460. 

1979 X-ray locations of U Gem and a transient source near Cas A as determined with 
the HEAO-1 scanning modulation collimator (M. Conroy, G. Fabbiano, M. Garcia, 

E. Ralph, D.A. Schwartz, and .M. Johnston). [Abstract] Bulletin of the American 
Astronomical Society, volume 11. page 464. 

1979 The optical counterparts of 2S1556-605, MXB1905+00, 4U1907-1-09, and A1916-05 
(P.A. Charles, J.R. Thorstensen. S. Bowyer. R.E. Griffiths, J.E. Grindlay, D.A. Schwartz, 

C. Canizares, R. Doxsey. M. Johnston, and J. McClintock). [Abstract] Bulletin of 
the American Astronomical Socle I y. vohime 11. page 720. 

1980 Discovery of a bright x-ra\' cluster of galaxies at low galactic latitude (M.D. Johnston. 

R. E. Doxsey, F.E. Marshall, and D..A. Schwartz). [.Abstract] Bulletin of the American 
Astronomical Society, \olume 12. page 4S7. 

1980 Precise location of 3A 2352-1-28: t he high galactic latitude transient A0000-f28 (D.A. Schwartz, 
M. Garcia, M. Conroy, E. Ralph. W. Roberts. R.E. Griffiths, M. Johnston, I. McHardy, 

A. Lawrence, and J. P\e). [Absti acl] Bulletin of the American Astronomical Society, 
volume 12, page 513. 

1980 Locations of unidentified x-ray souices with the HEAO-1 scanning modulation col- 
limator (M. Garcia, M. Conrox’, R. Doxsey, R.E. Griffiths, M. Johnston, E. Ralph. 

W. Roberts, and D.A. Schwartz). [.Abstract] Bulletin of the American Astronomical 
Society, volume 12. page 527. 

1980 A Tale of Three Periods: The White Dwarf X-ray and Optical Pulsar H2252-035 (J. 
Patterson and M. Garcia). [.Abstract] Bulletin of the American Astronomical Society. 
volume 12, page 840. 

1980 A New X-ray Cataclysmic Variable (J.E. Steiner, M.G. Watson, I.M. McHardy, J.P. 

Pye, F.J. Jablonski and I.C. Busko). [.Abstract] Bulletin of the American Astronom- 
ical Society, volume 12. page 855. 

1981 Optical Identification of 2.A 17014-211 with the MO III Star HD 154791 (M. Garcia. 

S. L. Baliunas. M. Elvis, G. Fabbiano. J. Patterson, D. Schwartz, M. Watson, and R. 
Doxsey). [Abstract] Bulletin of the .American Physical Society, volume 26, page 570. 

1981 Tentative identification of the flaring x-ray source H03234-02 (R.E. Doxsey, J.E. Mc- 
Clintock, L. Petro, R. Remillard. and D..A. Schwartz). [Abstract] Bulletin of the 
American Astronomical Society, \ ohime 13, page 5-58. 
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1981 Pi'ecise locations of HEAO-1 x-ray sources (D.A. Schwartz, M. Garcia, J. Patterson, 
E. Ralph, W. Roberts, R. Doxsey. M.D. Johnston, K. Wood, J. Meekins, D. Yentis, 
R. Bleach, and J. McClintock). [Abstract] Bulletin of the American Astronomical 
Society, volume 13, page 558. 

1981 Discovery of two x-ray emitting Be stars with the HEAO-1 scanning modulation col- 
limator (D.A. Schwartz, .A. Ferrara, M. Garcia, J. Patterson, J. Steiner, R.E. Doxsey, 
M.D. Johnston, J. McClintock, R. Remillard, I. McHard}', J.P. Pye, R.S. Warwick, 
and M. Watson). [Abstract] Bulletin of the American Astronomical Society, vol- 
ume 13, page 834. 

1982 Identification of the bright x-ray source 3.A 1148-1-719 with the cataclysmic variable 
YY Draconis (J. Patterson, D..A. Scliwartz, H. Bradt, R. Remillard, 1. 1. McHardy, 
J.P. Pye, G. Williams, R..A. Feseii, and P. Szkody). [.Abstract] Bulletin of the Amer- 
ican Astronomical Society, volume 14. page 618. 

1982 Discovery of a rich cluster of galaxies in Triangulum Australe identified with the 
bright x-ray source 4U1631-64 (D.A. Schwartz, J. Patterson, H. Bradt, R. Remillard, 
R.F. Mushotzky. and M.D. .Tohnsrc)n). [.Abstract] Bulletin of the American Astro- 
nomical Society, volume 14, page 660. 

1982 The Discovery of an X-ray Bright BL Lacertae Object: 0414-f009 (M.P. Ulmer, 

R. L. Brown, D.A. Schwartz. J. Patterson, and R.G. Cruddace). [.Abstract] Bulletin 
of the American .Astronomical Society. I 4 , 933. 

1982 Identifications of Southern X-ra\- .Sources with the HEAO-1 Scanning Modulation 
Collimator. (R. Remillard, H. Bradt. A. Matthews, W. Roberts, J. Warvel, J. Patter- 
son, and D.A. Schwartz). [Abstract] Bulletin of the American Astronomical Society, 
volume 14, 891. 

1983 New Optical Identifications of X-ray Sources From the HE.AO A-3 Scanning Modula- 
tion Collimator (J. Patterson, \\ . Roberts, D..A. Schwartz, R. Remillard, E. Morgan, 
H. Bradt) [Absti ’act]. BuUctiu oj lilt A luf- ncfLU AstroHowfcal Soctcti/y volume 15, 636. 

1984 Identifications of New, X-ray Bright. Cataclysmic Variables with the HEAO-1 Scan- 
ning Modulation Collimator. (D.A. Schwartz, W. Roberts, R. Remillard, H. Bradt, 
J. Patterson, I. Tuohy, D. Buckley. F. Marshall) [Abstract] Bulletin of the American 
Astro7i077iical Society, volume 16. 511. 

1984 VLA Observations of Unidentified HEAO-1 X-ray Sources, (J. Schmelz, E.D. Feigel- 
son, D.A. Schwartz) [Abstract] Bulletin of the Amenca7i Astronomical Society, volume 
16, 472. 

1985 Newly Discovered BL Lacertae OI:>jects Identified as Bright X-ray Source Counter- 
parts by the HEAO-1 Scanning Modulation Collimator, (D.A. Schwartz, W. Roberts, 

S. Murray, J. Huchra, R. Remillard. H. Bradt, J. McClintock, I. Tuohy, D. Buck- 
ley, S. Tapia, E. Feigelson. and J. Schmelz). [Abstract], Bulletin of the Ame 7 ican 
Astronomical Society, volume 17, 60S. 



1985 H0323+022; A Remarkably Variable BL Lac Object (E.D. Feigelson, H. Bradt. 
J. McClintock, R. Remillard, S. Tapia, B. Geldzahler, K. Johnston, W. Roman- 
ishen, P.A. Wehinger, S. WhckofF. G. Madejski, D.A. Schwartz, J. Thorstenson, and 
B.E. Schaefer). [.Abstract], Bnllfiiii of the American Astronomical Society, volume 
17, 608. 

1985 Optical Observations of New X-ray Emitting Cataclysmic Variables, (D.A.H. Buckley, 
I.R. Tuohy, R. Remillard, H. Bradt. and D.A. Schwartz). [Abstract] Bulletin of the 
American Astronomical Society, 17. 589. 

1985 The Optical Identification and S])ectral .Analysis of HEAO-1 X-ray Sources (R.A. 
Remillard). [Abstract] Bulletin of the American Astronomical Society, volume 17. 
889. 

1985 Optical Counterparts of HEAO-1 X-ray Sources (D.A.H. Buckley, I.R. Tuohy, and 
R.A. Remillard). Froceedinys of the Astronomical Soc. of Australia, volume 6, 147. 

1986 EXOSAT Study of the Accretion Flow Galaxy PKS 2354-35, Identified with 4U 0009- 
33 by the HEAO-1 Modulation Collimator. (D.A. Schwartz, H.V. Bradt, R. Remillard, 
D. Buckley, 1. Tuohy) [.Abstract]. Bulletin of the American Astronomical Society, 
volume 18, 707. 

1986 The HEAO-1 Modulation Collimator (H. Bradt). Tenerife Workshop “Accretion onto 
Compact Objects". 21-15 .April. 1986. 

1987 The Steep X-ray Spectra of the QSO’s PKS055S-504 and I Zw 1 (R.A. Remillard, 
D.A. Schwartz, and H.V. Bradt). [.Abstract] Bulletin of the American Astronomical 
Society, volume 18. 915. 

1987 Additional Identification of Active Galactic Nuclei for the HEAO-1 X-ray Survey 
(R.A. Remillard, H.V. Bradt, D..A. Buckley. I.R. Tuohy, R. Brissenden, D.A. Schwartz, 
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APPENDIX A 

We summarize here a review of the scanning modulation collimator hard- 
ware and data processing. This appendix is reproduced from sections 1.2 
and 1.3 of our proposal P1192-6-82 of June 1982, to NASA, to “Preserve 
the Scientific Data Base of the HEAO-1 Scanning Modulation Collimator 
(MC) Experiment.” 


A-i Description of the Experiment Hardware 

The MC instrument contained two modulation collimator banks r 
each a stack of four planes of wire grids. Each grid was a set 
of regularly spaced wires, with the spaces nominally equal to the 
wire diameters. In a four~grid collimator (cf. Bradt et 
al. 1968), the acceptance of the outer grid pair has a repeating 
triangular pattern. Each of the two inner grids shadows every 
other remaining triangle (i.e., reduces their response to zero) 
so that the overall acceptance pattern, as a function of the 
azimuth angle in a plane perpendicular to the wires, is a set of 
triangles of half-width 6 and spaced 8 apart. On-orbit 
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The instrument also contained two image dissector star 
cameras, rigidly mounted to the same optical bench as the 
modulation collimators. Along with rate integrating gyro data 
from the spacecraft, we used our star camera data and the 
Smithsonian Observatory catalogue of star positions to calculate 
the instantaneous field of view on the celestial sphere. 

The experiment functioned flawlessly on-orbit, except for 
the failure of one of the four proportional counters in MC2 after 
about 3 weeks. This degraded the MC2 area to 300 cm^ for most of 
the mission. Throughout the mission, no changes in our aspect or 
alignment parameters occurred. 

There is a systematic aspect displacement with elevation 
that has been calibrated to be about 4 arcsec per degree in 
elevation from the scan plane. This correction is applied by the 
software which sums data from different scans. 

Published descriptions of the experiment hardware appear in 
Roy et al. (1977), Gursky et al. (1978), and Schwartz et 
al. (1978). 

A-2 Data Reduction and Analysis 

Figure 2 shows a schematic block diagram of our data 
reduction programs. Although we processed quick look data to 
monitor the experiment and obtain some science results, the same 
data was reduced sequentially when received as a production data 
tape; therefore, only production data is relevant to this 
proposal. The key "scientific" steps are the calculation of the 
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"30 arcsec" 


calibration gives 6^ = 28.86 arcsec tor the 

collimator (MCI) and 6 = 115.61 arcsec for the "2 atcrain" 

2 

collimator (MC2) . In addition to the grids each has an egg-crate 
collimator which limits the overall field of view to 7^6 x 7t6, 
full width at zero response. The net open area on-axis was about 
400 cm^per collimator. 

The grid wires of MCI and MC2 are respectively tilted 
-10°265 and +9^821 with respect to the spacecraft scan circle. 
The egg-crate collimator is aligned parallel and perpendicular to 
the scan. Figure 1 shows the collimators' responses to Sco X-1. 
One second of time represents 0°2 in scan angle. The figure 
illustrates the 30" and 2' FWHM response, the 4' and 16' spacing 
between triangles, and the coarse collimator envelope. 

Four sealed proportional counters, behind each modulation 
collimator, sort X-ray events into three channels with pulse 
height boundaries equivalent to 0.9-2. 6, 2. 6-5. 4, and 5.4-13.3 
keV. The overall spectral response is defined by the 2.5 micron 
thick mylar thermal shield and 43 micron thick Be window to be 
above about 1.5 keV (10% quantum efficiency), and by the filling 
gas of 855 mm argon and 70 mm CO^ to be below about 16 keV. The 
total counts from MCI and MC2 in 0.040 and 0.160 second 
intervals, respectively, are telemetered. At the nominal scan 
rate, these correspond to angles of 5 and 20 arcsec, in MCI and 
MC2 respectively. Pulse shape discrimination (PSD) is used to 
reject non-X-ray events, and the PSD and other auxiliary rates 
are telemetered. 
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The 


"fine aspect" solution/ and the binning of the X-ray data 
aspect solution is merely an intermediary used to bin the X-ray 
data. We will document it further with our data submission, but 
need not discuss it here. However, understanding the X-ray 
binning procedure is prerequisite to understanding what 
scientific data base is practical and meaningful for delivery to 
the NSSDC. 

We will discuss the 30 arcsec collimator (MCI) in detail. 
For MC2, multiply all sample times and angles by 4. We read out 
the total counts in each pulse height channel every 40 
milliseconds. This corresponds to about 5 arcsec perpendicular 
to the modulation collimators at the nominal spacecraft scan rate 
of 0.2 deg/sec; i.e., (0.040 seconds) x (0.2 deg/second)x 

sin 10" = 0.0014 degrees = 5 arcsec. If we had tried to bin 
all the X-ray data we would have required (3600 arcsec/degr ee) x 
(360 degrees/circle) x (2 circles/day) x (182 days/sky 
scan)/(5 arcsec/bin) = 9.4 x lO’ bins on the sky, times (3 energy 
channels + 1 exposure time array) = 3.8 x 10^ total bins. (Add 
25% to account for MC2.) In terras of 1974 technology, and our 
available computer hardware and programming resources, this was a 
preposterous number. However, since our investigation proposed 
only to locate (and not to discover) cosmic X-ray sources; i.e., 
sources known to exist, it was obvious that we need only bin our 
X-ray data in the relatively small sky regions around each X-ray 
source in some catalogue • 

As a complication, the successive 30 minute spacecraft 
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rotations did not precisely reproduce a single scan circle. To 
handle this rigorously within the general motions allowed by the 
spacecraft specification would have required a two“diroensional 
binning approach. Instead, our binning preserves each rotation 
individually, along with pareuneters, the "jitter angles", which 
allow superposition in later analysis. We thus bin in one 
dimension only, each bin representing 1/60 of the periodicity of 
the modulation collimator response. The approximations inherent 
in this scheme cause the X-ray signal to begin to wash out when 
the true source position is more than +1“ from the trial binning 
position. Therefore we often insert multiple trial binning 
positions for one X-ray source, if its previous location is not 
established to better than a 1° radius in any direction. 

Another complication is that most X-ray sources are quite 
variable in time, at least potentially. Therefore we could not 
use a predetermined, fixed catalogue for our binning. At launch 
we did have a master X-ray source catalogue (MCAT) containing all 
published X-ray sources, plus private and pre-print data from 
experiments at MIT (OSO-7 and SAS-3) , SAO (the fourth Uhuru 
catalogue), and the University of Leicester (the Ariel V Sky 
Survey Instrument, or 2A, catalogue). During our first reduction 
effort we added sources which we noted in the A-1 raw data, which 
was generously provided to us by Dr. H. Friedman of NRL in order 
to reduce our multiple source positions. Subsequent to the end 
of the mission, in February 1979, we created a new binning 
catalogue (SCAT), utilizing all the A-1 data which we had, plus 
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published and some private A-2 results on new sources, and a 
pre-publication version of the final Ariel V catalogue (3A) . One 
major limitation of our use of A-1 data was that we could not 
superpose it perpendicular to the scan circle. We therefore had 
lines of position up to 8° in length, along which we defined 
multiple binning positions. BOAT contained about 1200 positions, 
representing an estimated 600 distinct sources, with an estimated 
number of 400 above the A-3 sensitivity threshold of roughly 1 
Uhuru flux unit. (lUFU = 1.7 x ergs cm“^s~^ 2-6 keV; 
= 1.6 pJy at 3.6 keV.) 

As a simplification and for further compression, we "fold" 


the data 

modulo the 

4 

or 16 arcmin periodicity 

of 

each 

collimator . 

In Figure 

1 

all the triangles would 

be 

added 


together to form a single triangle, plus flat background, for 
each collimator. Figure 3 illustrates the data after folding. 

The structure is 60 angular bins of size 4 arcsec and 
16 arcsec for MCI and HC2, respectively, representing the mean 
phase of the modulation collimator relative to the binning 
position during the data integration time. The raw counts in 
each of the three energy channels, and the integer number of 
readouts (in units of the integration times of 40 msec and 
160 msec for MCI and MC2, respectively) are incremented 
accordingly. 

During the spacecraft "pointed" mode one target remains 
within the field of view for an extended period of time (except 
for earth occultations) . For HEAO-1 the pointings have a very 
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coarse deadband of +1/2° , and the rates within that deadband are 
not controlled. The jitter of the spacecraft in response to 
magnetic, gravity gradient, and aerodynamic torques causes an 
X-ray source to be swept through the full modulation cycle of the 
collimators. The data reduction proceeds largely as in the case 
of scanning with two principal exceptions. First, the records 
during which data is folded are set at exactly 64 seconds (200 
minor frames) instead of being one spacecraft rotation. Second, 
the PSD data is sorted into a parallel binning structure and 
those files are saved to be used in the data analysis. 

The time resolution of the binned, scanning data is the 30 
minute rotation period. We have lost time resolution in the 2 to 
20 second range by folding modulo the collimator periodicities. 
For both pointing and scanning data we still preserve some 
information on variability in the 40 to, say, 640 millisecond 
range, because these are the time intervals between the 
successive angular bins. 

Figure 4 shows a schematic block diagram of our data 
analysis computer programs. Data analysis is discussed in more 
detail in Part II. We include it here to guide scientists who 
may wish to use our reduced data base, and because we propose 
that it is the analyzed data, to the extent available, which most 
economically contains the meaningful and useful flight data. 

The key feature of data analysis is that each modulation 
collimator gives a regularly spaced set of lines, with 86 (4 or 
16 arcmin) separation. The two sets of lines intersect at 
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20® anglesr forming a regular grid of "diamonds" which contain 
the true X-ray source position, to better than 90% confidence. 
To the eye, this grid appears almost rectangular with spacing of 
15 by 11 arcmin. We can almost always use either the A-1 data 
provided to us, or the forthcoming A— 1 catalogue (made available 
to us in October 1981) as well as any other previous error 
locations, to reduce the possible locations to one or two rows of 
diamonds. 

A key feature of data analysis is the fact that non-X-ray 
background sampling is interspersed with the X-ray source signal, 
as shown in Figure 1. Effectively, each collimator is a narrow 
band receiver, where the frequency is known a priori and it is 
our measurement of the phase which relates the set of lines to 
the celestial sphere. This makes the modulation collimator an 
extremely "clean" instrument. In the case of pointed data, we 
use the binned PSD data to "flatten" apparent angular structure 
in our X-ray data which in reality arises from temporal 
variations in the non-X-ray background (cf. Dower et al. 1980) . 
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